We studied serotypes and phage types of Salmonella strains isolated from humans and animals in The Netherlands over the period 1984 to 2001. All human strains (n ‫؍‬ 59,168) were clinical isolates. The animal strains (n ‫؍‬ 65,567) were from clinical and nonclinical infections. All isolates were serotyped, and Salmonella enterica serovar Typhimurium and serovar Enteritidis strains were further phage typed. The most prevalent serotypes were as follows: in humans, serovars Typhimurium and Enteritidis; in cattle, serovars Typhimurium and Dublin; in pigs, serovar Typhimurium; and in chickens, serovars Enteritidis, Infantis, and Typhimurium. Serovar Enteritidis phage type 4 (pt 4) was the most common phage type in humans and chickens. Serovar Typhimurium pt 510 was the most prevalent serovar Typhimurium phage type in humans and pigs, pt 200 was the most prevalent serovar Typhimurium phage type in cattle, and pt 150 was the most prevalent serovar Typhimurium phage type in chickens. Analysis of the distribution of sero-and phage types during the study period indicated that types shifted over time in humans and animals. Serovar Typhimurium DT 104 emerged in 1991 in humans, cattle, pigs, and chickens and became the most common serovar Typhimurium phage type in 2001. In general, similar sero-and phage types were found in humans and animals, although distinct types were more common in animals. Between the animal species, the sero-and phage type distributions varied considerably.
Nontyphoid salmonellosis is a major zoonotic disease in humans. In The Netherlands, which has a population of 15.8 million, 50,000 cases of salmonellosis are reported each year (incidence, 3 per 1,000 person-years) (24) . Although the incidence of Salmonella infections in humans in The Netherlands has been decreasing during the last 2 decades, salmonellosis is still an important public health problem (22) .
Salmonella infections in humans are often food borne but can also be contracted through contact with infected animals. Food containing products from farm animals, especially from poultry, pigs, and cattle, are an important source of human Salmonella infections. Surveillance of Salmonella serovars and phage types from human and animal sources is relevant for detecting outbreaks, for identifying sources of infection and for implementing prevention and control measures. Two major changes in the sero-and phage type distribution of nontyphoid salmonellosis have occurred during the last decades in many European countries and the United States of America (14) . First, Salmonella enterica serovar Enteritidis has emerged as a major egg-associated pathogen (13) . Secondly, the prevalence of multidrug-resistant S. enterica serovar Typhimurium phage types, such as serovar Typhimurium definite phage type 104 (DT 104) has increased. Serovar Typhimurium DT 104 initially emerged in cattle in 1984 in England and Wales but spread to the European continent and the United States of America and has meanwhile been isolated from poultry, sheep, pigs, horses, many other animal species, and humans (3, 16, 17, 20 Its relative importance in humans and farm animals in The Netherlands is increasing (23) .
The purpose of this retrospective study is to provide insight into the distribution of sero-and phage types of Salmonella strains isolated from humans, cattle, pigs, and chickens in The Netherlands in the period from 1984 to 2001.
MATERIALS AND METHODS

Bacterial isolates. (i) Human isolates.
Since 1984 the Dutch National Institute of Public Health and the Environment (RIVM) has obtained a total of 59,168 Salmonella isolates from the regional Public Health Laboratories for further typing. All were the first isolates from patients suffering from salmonellosis (clinical isolates). Approximately 1.6% of these isolates originated from blood.
(ii) Animal isolates. The majority of these isolates were sent to the RIVM by the regional Dutch Animal Health Services. They were from clinical (approximately 85%) and nonclinical (approximately 15%) Salmonella infections from pigs (n ϭ 10,058), cattle (including calves) (n ϭ 10,582), and chickens (n ϭ 44,927) and sampled on the farm and at the slaughterhouse.
Sero-and phage typing. Isolates were submitted to the Diagnostic Laboratory for Infectious Diseases and Perinatal Screening of the RIVM for further serotyping based on O-and H-group antigens according to the latest versions of the Kauffmann-White scheme using slide and microtiter plate agglutination. Serovar Typhimurium strains were phage typed using the Dutch phage typing system (8) . For serovar Enteritidis strains the phage typing system described by Ward et al. (27) has been used since 1997. 
RESULTS
Serotypes.
The most prevalent serotypes during the period from 1984 to 2001 were serovars Typhimurium (44% of all Salmonella isolates) and Enteritidis (24%) in humans; serovars Dublin (53%) and Typhimurium (39%) in cattle; serovars Typhimurium (69%), Panama (5%), and London (4%) in pigs; and serovars Typhimurium (18%), Infantis (14%), and Enteritidis (12%) in chickens. Overall, serovar Typhimurium was the serotype most frequently isolated from humans and animals, accounting for 37% of all Salmonella isolates included in this study. Serotype prevalences varied considerably over time (Table 1). The relative importance of serovar Typhimurium gradually declined in humans, chickens, and cattle, but not in pigs. In humans, serovar Typhimurium was the predominant serovar until 1991. Since 1988, the number of serovar Enteritidis isolates has been increasing, and since 1993 it has been the most frequently isolated serovar from humans. In chickens, the same overall pattern was found. In pigs, serovar Typhimurium remained the predominant serovar throughout the whole period. Serovars Panama, London, Infantis, Derby, Brandenburg, and Livingstone were also found regularly. Bovine Salmonella infections were dominated by the serotypes Typhimurium and Dublin. Serovar Dublin has been the most-prevalent serotype since 1991. However, human infections with this serotype remained rare (224 isolates from 1984 to 2001; 0.4% of all human isolates).
Serovar Typhimurium phage types. In several periods, similar changes in serovar Typhimurium phage types were found in humans and distinct animal species. For example, the emergence and decline of serovar Typhimurium pt 150 occurred simultaneously in humans and chickens. Similarly, human infections with serovar Typhimurium pt 200 occurred in periods in which this phage type was predominantly isolated from cattle but was rarely isolated from pigs and chickens. Serovar Typhimurium pt 510 was commonly isolated from humans, pigs, and cattle (20, 20 , and 9% of serovar Typhimurium isolates, respectively), but not from chickens (1% of serovar Typhimurium isolates). The multiresistant serovar Typhimurium pt 506 and pt 401 (DT 104 in the English phage typing system) was the most important emerging phage type in humans, pigs, and cattle. In 2001, this phage type was responsible for 15, 16, 10, and 3% of all Salmonella infections in humans, pigs, cattle, and chickens, respectively, and for 43, 25, 31, and 57% of all serovar Typhimurium infections. In humans, serovar Typhimurium pt 510, 150, 61, 20, and 296 and DT 104 prevailed (Table 2) . Serovar Typhimurium pt 510 was predominant until 1995. From 1996 onwards pt 506 and 401 (DT 104) were the most prevalent phage types. In chickens, serovar Typhimurium pt 150 was the predominant phage type until 1995, but from 1996 onwards pt 506 and pt 401 (DT 104) were found most often. Other phage types were pt 461, pt 10, and pt 2 ( Table 2) . In pigs, pt 510, pt 506 and pt 401 (DT 104), pt 20, and pt 61 were found most often. pt 510 predominated until 1995, but in the period 1996 to 2001 DT 104 prevailed (Table 2 ). In cattle, pt 200 predominated until 1989, pt 204 predominated from 1990 to 1995, and DT 104 predominated from 1996 onwards. Serovar Typhimurium pt 510 was isolated frequently throughout the whole period (Table 2) .
Serovar Enteritidis phage types. Serovar Enteritidis pt 4 was the major serovar Enteritidis phage type in humans as well as chickens. Other common phage types were pt 21, pt 28, pt 1, and pt 6 ( Table 3 ). In pigs and cattle, serovar Enteritidis appeared to be of minor importance, as only 0.3 and 0.9% of all Salmonella isolates from pigs and cattle, respectively, carried this type.
DISCUSSION
The serotypes found in this study can be divided into hostspecific, host-adapted, and non-host-specific serotypes. Serovar Typhi, which is host specific, was found only in humans. Serovar Dublin, which is host adapted, was the most-prevalent serotype in cattle but was only sporadically isolated from humans. Although infrequently found in humans, serovar Dublin appears to be a serious event in humans. Van Pelt et al. (23) found that 28% of all serovar Dublin isolates from humans in The Netherlands were cultured from blood, compared to 3% for serovar Typhimurium and 2% for serovar Enteritidis (23) . This is consistent with the observation that in humans this serotype often causes severe invasive disease (9) . With regard to the non-host-specific serotypes, a substantial correlation was found between serotypes from humans and animals.
A major finding from our work was that the distribution of serotypes and phage types changed considerably over the study period. This was observed for both human and animal isolates. Niches created by the decrease of one serotype or phage type often seem to be filled in by others. Often shifts in serotypes or phage types in animals and humans moved in a similar direction, although the prevalences of some of these sero-and phage types differed considerably. Possible explanations for the differences in prevalence between humans and animals range from the variable exposure of humans to the different animal sources and the different food processing procedures used for the various animal products to differences in susceptibility between hosts to certain sero-and phage types. It should also be considered that up to 10% of all Salmonella infections in The Netherlands have been estimated to be contracted abroad or caused by imported food products. Moreover, although most human Salmonella infections in The Netherlands are food borne, they can also result from direct or indirect contact with other farm animals, wildlife, or pets. Van Pelt et al. (21) was caused in about 39% of cases by Salmonella types originating from eggs, and was caused in about 4% of cases by Salmonella types originating from other sources. These findings were based on the relative occurrence of the sero-and phage types in the animals. These figures do not correlate with the Salmonella contamination rate of chicken meat (21%), beef (1%), pig meat (6%), and eggs (0.03%) (percentages are from the year 2000), even when the level of contamination is taken into account (24) . A striking feature also apparent from our data is the emergence of serovar Enteritidis. In the 1980s, the number of human serovar Enteritidis infections in Europe and the United States of America increased dramatically (1, 14) . In The Netherlands, serovar Enteritidis emerged in 1987 and has been the predominant serovar in humans since 1993, replacing serovar Typhimurium. Chicken products, especially eggs, are considered to be the main source of the human infections, and rodents are thought to be an important reservoir (13, 14) . In the present study, pt 4 was the main phage type in humans and chickens. This type has also been reported to be the most (4, 7, 14, 15, 19, 26) . In other countries, however, different phage types appear to predominate, for example, pt 6 in Denmark, pt 8 in Poland and the Slovak Republic, pt 1 in Russia and Hungary, and pt 8 and pt 13a in the United States of America (1, 6, 14) . Genotyping of serovar Enteritidis isolates from the various regions revealed that there are two evolutionary lineages, one containing pt 8 and pt 13a and the other containing pt 4 and pt 1. It has been suggested that the pandemic was caused by the clonal expansion of a more virulent serovar Enteritidis strain. However, the simultaneous emergence of different phage types of serovar Enteritidis in different countries argues against this (14) . Baumler et al. (2) proposed that the eradication of serovar Gallinarum in poultry resulted in loss of flock immunity against the O9 antigen, which is shared by the serovars Gallinarum and Enteritidis, thereby enabling serovar Enteritidis to spread. The phage type DT 104 (serovar Typhimurium pt 506 and pt 401) was isolated from humans and animals in The Netherlands for the first time in 1985. Our data indicate that from then on this phage type has emerged particularly in humans, pigs, and cattle and has become the major serovar Typhimurium phage type in these species. In Dutch chickens, serotype Typhimurium has been of minor importance during the last few years, and DT 104 is not a common phage type in this animal. In the United Kingdom in 1995, as much as 77% of Salmonella isolates from poultry were DT 104 (11) . A major concern about the emergence of serovar Typhimurium DT 104 is the chromosomally encoded penta-drug resistance, which is a common characteristic of isolates from many different coun- Another notable finding is the presence of serovar Paratyphi B variation Java in chickens. This serotype emerged in 1996, possibly through contaminated imported raw materials for chicken feed, and has since increased and become the predominant serotype in 2001 (30% of all Salmonella isolates), replacing serovar Enteritidis. Serovar Paratyphi B var. Java is almost exclusively found in broilers. Thus far, vertical transmission has not been demonstrated. Analysis of isolates from the year 2000 indicated that in The Netherlands 20% of chicken meat was contaminated with Salmonella, and 33% of these isolates were serovar Paratyphi B var. Java (24) . The increasing frequency of isolation of serovar Paratyphi B var. Java from chickens has also been reported from Germany (5), but not from other European countries. On broiler farms this serotype has proven to be extremely difficult to eradicate. Currently, the serotype has only sporadically been found in humans (0.1% of all isolates) with gastroenteritis.
A prominent finding of our study was the considerable difference in the distribution of sero-and phage types between chickens, pigs, and cattle. The basis of these differences remains to be defined. One possible cause may be the animal feed. Raw materials for animal feed are generally thought to be an important source of salmonellae. However, although animal feed is often contaminated with Salmonella, the serotypes found in animal feed and its raw materials do not correspond with those found in animals (10, 18; van Pelt, personal communication). Other possible reasons for the observed different distributions of Salmonella types among animal species are differences in housing, husbandry, and management practices in chicken, pig, and cattle production. Established risk factors for clinical salmonellosis in cattle herds include the spreading of poultry litter on neighboring farms, the presence of rodents in cattle housing, and pasture grazing by wild geese (28) . Spreading pig manure is an important risk factor favoring serovar Typhimurium DT 104 infections on Dutch cattle farms (25) . In this scenario, local factors seem to play an important role in Salmonella epidemiology, which would be of particular importance for studies aimed at tracing the sources and reservoirs of human Salmonella infections. 
